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The  •effects  of  cloth  permeability'',  number  of  suspension  lines,  and 
suspensio'n  line  leng'fch  on  the  infinite  mass  opening-shock  -factor  of 
the  cross  parachute  vrere  investigated  in  a  v^ind  tunnel.  Forty-inch- 
diameter  models  vrith  a  canopy  arrn-to-length  ratio  (W/L)  of  0.264  were 
deployed  at  v/ind-tunnel  velocities  of  I50  or  200  miles  per  hour. 
Results  of  these  tests  indicate  that  cloth  permeability  influences  the 
infinite  mass  shock  factor  significantly.  A  decrease  in  the  cloth 
ermeability  results  in  an  incx-ease  in  the  shock  factor.  Suspension 
ine  length  and  'nujtiber  of  suspension  lines  do  not  appreciably  affect 
the  shock  factor.  The  steady-state  drag  coefficients  are  affected 
by  the  cloth  and  suspension  line  parameters. 
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ABSTRACT:  The  effects  of  cloth  permeability^,  number  of  suspension 
lines,  and  suspension  line  length  on  the  Infinite  mass  opening-shock 
factor  of  hhe  cross  parachute  were  investigated  in  a  wind  tunnel. 
Forty- inch-diameter  models  with  a  canopy  arm-to-length  ratio  (W/L) 
of  0.264  were  deployed  at  wind-tunnel  velocities  of  150  or  200  miles 
per  hour.  Results  of  these  tests  Indicate  that  cloth  permeability 
influences  the  infinite  mass  shock  factor  significantly.  A  decrease 
in  the  cloth  permeability  results  in  an  increase  in  the  shock  factor. 
Suspension  line  length  and  number  of  suspension  lines  do  not 
appreciably  affect  the  shock  factor.  The  steady-state  drag  coeffi¬ 
cients  are  affected  by  the  cloth  and  suspension  line  parameters. 
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Drag  force^  pounds 
Coefficient  of  drag 

Velocity^  feet  per  second 
Density  of  air,  slugs  per  foot"^ 

p 

Dynamic  pressure,  pounds  per  foot 

p 

Canopy  reference  area,  foot” 

Length  of  canopy  arm 

Width  of  canopy  ai’m 

Canopy  arm  width-to~length  ratio 

Maximum  opening-shock  force,  pounds 

Steady-state  drag  force  of  fully  open  parachute,  pounds 


DEFINITIONS 


T)  P  . 

Permeability  -  the  rate  of  airflow  through  cloth  in  ftvft  /min 

vihen  measured  under  a  pressure  differential  of  1/2  inch  of  water 

• 

Infinite  Mass  Shock  Factor  -  the  ratio  of  maximum  opening-shock  force 
to  steady- state"  drag  at  constant  wind-tunnel  velocity 

Snatch  F’actor  -  the  ratio  of  the  snatch  force  to  the  steady-state 
drag”  force 

Snatch  Force  -  the  force  required  at  line  stretch  to  accelerate  the 
mass  of  the  canopy  and  its  entrapped  -air  to  the  velocity  of  the 
primary  body 

Primary  Body  -  test  stand 
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INTRODUCTION 

Wir.d-tunnel  tests  and  field  tests  of  various  cross  parachute 
configurations  have  demonstrated  reliable  Inflation  and  good  aero¬ 
dynamic  efficiency  at  subsonic,  transonic,  and  supersonic  velocities. 
Obstacles  to  the  efficient  design  and  utilization  of  the  cross 
parachute  are  definition  of  the  Infinite  mass  opening-shock  factor 
and  understanding  the  effects  of  various  canopy  parameters  such  as 
cloth  permeability,  number  of  suspension  lines,  and  suspension  line 
length  on  the  infinite  mass  opening-shock  factor.  A  series  of  wind- 
tunnel  tests  were  proposed  to  investigate  the  effect  of  the  afore¬ 
mentioned  canopy  parameters  on  thie  opening  shock  of  the  cross 
parachute. 

APPROACH 

Three  series  of  model  cross  parachutes  were  designed,  using 
a  canopy  cloth  of  different  air  permeability  for  each  series.  All 
models  consisted  of  two  panels  Inches  in  length  with  a  WA-  *= 

0.564.  The  two  panels  were  arranged  to  form  the  configurations 
illustrated  in  Figure  1.  Each  series  of  models  consisted  of  three 
parachutes  with  8,  l6,  and  24  suspension  lines,  respectively,  for 
the  same  canopy  cloth  with  suspension  line  lengths  as  shovm  in 
Table  1.  In  this  manner,  twenty-seven  model  parachutes  were  availa¬ 
ble  for  testing.  Parachute  construction  and  deployment  sleeve 
details  are  illustrated  in  Figure  2,  and  the  materials  used  in  the 
construction  of  the  models  are  enumerated  in  Ttible  2. 

The  wind-tunnel  tests  were  conducted  at  the  University  of 
Maryland  7-foot  by  11-foot  Cross  Section  Subsonic  Wind  Tunnel  at 
College  Park,  Mai’yland.  The  floor-mounted  wind-tunnel  support 
system.  Figure  3-»  was  designed  to  house  the  folded  parachute  prior 
to  deployment.  The  parachute  suspension  lines  were  attached  to  the 
aft  end  of  the  housing  which  was  connected  to  the  calibrated 
aerodynamic  force  sensing  device.  An  oscillograph  was  electrically 
connected  to  the  force  sensing  device  to  graphically  record  the 
force  time  history  of  the  deploying  parachute,  see  Figure  4.  The 
test  parachute  was  carefully  folded  longitudinally  and  stowed  in 
a  deployment  sleeve  which  enclosed  the  entire  canopy  and  four  inches 
of  the  suspension  lines.  The  center  portion  of  the  canopy  v;as 
locked  into  the  deployment  sleeve.  A  small  extraction  parachute 
was  attached  to  the  deployment  sleeve  and  provided  the  deployment 
force  for  the  test  parachute.  Deployment  was  initiated  by  v/ithdrawal 
of  a  solenoid-operated  locking  pin.  Each  parachute  was  subjected  to 
three  valid  test  runs  at  wind-tunnel  velocities  of  I30  or  200  miles 
per  hour.  The  wind-tunnel  velocity  was  reduced  from  200  miles  per 
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houv  to  150  .TiiloB  per  tour  for  the  nurtiber  1  serlea  of  parachutes  due 
to  tiu;  canopy  Lt’s fcability  caused  ty  the  lov;  cioth  permeability, 
oixteer, -millimeter  motion  picture  coverage  at  400  f’ranies  per  second 
was  made  of  cne  test  of  each  parachute.  After  depioiTtent  of  the 
test  parachute,  the  velocity  of  the  v/ind  tunnel  vras  verified  to  be 
unchanged  and  a  steady-state  drag  recorded  by  the  oscillograph. 

Test  data  were  reduced  to  coefficient  form  by  means  of  the 
follov;ing  formulae: 


n  ^  ^ 


q  =  l/2pY^ 

£  =  2LW  - 

o 


li.'FUilTE  MASS  Maximum  Shock  Perce 
SHOCK  FACTCF  Steady- State  Drag  Force 


Tne  referei'-.ce  area  of  all  parachute  models  used  in  this  test 
is  5*092  feet*^. 

RESULTS 

With  reference  to  Table  3,  the  results  of  uhis  study  demonsti'ate 
that  the  permeability  of  the  cross  parachute  cloth  is  the  dominant 
element  affect ir.g  the  magnitude  of  the  parachute  shock  factor.  The 
number  of  suspens io'-'  lines  and  suspension  line  lengths  do  not 
appreciably  alter  the  opening-shock  characteristics.  Suggested 
design  values  of  infinite  mass  opening- shock  factor  a.re  illustrated 
in  Figure  5-  Typical  cross  parachute  deployment  force  time 
oscillographs  are  illustrated  in  Figure  6. 

Analysis  of  the  infinite  mass  snatch  factors  obtained  from  the 
test  data  indicates  a  range  of  values  from  0.486  to  I.358.  Trends 
related  to  tru2  parachute  geometric  and  airflow'  factors  under  study 
'were  not  evident.  The  snatch  factors  were  influenced  by  the 
interaction  of  the  aerodynamic  drag  of  the  extraction  parachute  and 
some  inconsisten.cy  caused  by  the  locking  feature  of  the  deplo:/inent 
bag.  The  snatch  factors  determined  in  this  test  series  do  not  appear 
tc  be  ti'uly  indicative  of  this  type  of  parachute. 


Tlie  parachute  drag  coefficients  presented  in  Table  4  were 
obtained  from  the  steady-state  drag,  run  of  the  varicus  parachutes. 
These  data  indicate  that  increar  ing  the  27eriTieabi  lit,v  of  the  ofyiopy 
cloth  reduces  the  drag  of  the  parachute  v/hile  an  increase  in  the 
susp'ensior  line  length  or  nuisibcr  of  suspension  lines  i.iiprov'ee  the 
drag- producing  capability. 
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riG.  2  V.CDEl.  FARACHUTt  CONSTSUCTION  DtTAILS 
:;££  TAfclE  '  FOR  MATERIALS  IDENTIFICATION 


-TUNNEL  INSTRUMENTATi 


1- — PARACHUTE  INFLATION - -| 

CLOTH  PERMEABILITY  =:  8  FT^/FtVmIN,  24  SUSPENSION  LINES  1.0  DIA, 


[•-PARACHUTE  INFLATION-^] 

CLOTH  PERMEABILITY  =  208  Fr‘’./FTVMIN,  24  SUSPENSION  LINES  '■■■  1.4  DIA. 
FIG.  6  TYPICAL  DEPLOYMENT  FORCE  -  TIME  OSCILLOGR,APHS 
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TABLE  1  -  MODEL  PARACHUTE  CONFIGURATIONS 


PARACHUTE 

SERIES 

1 

— 

2 

3 

CLOTH 

PERjAEABiLlTY 

ft3/ft’^/min 

8 

80 

208 

NUMBER  OF 
SUSPENSION 

LINES 

3 

16 

24 

8 

8 

16 

H 

SUSPENSION 

1.0, 

1.0, 

m 

1.0, 

1 .0, 

1.0, 

1.0, 

1.0, 

LINE  LENGTH 

1.4, 

1.4, 

1.4, 

1.4, 

1 .4, 

1.4, 

1.4, 

1.4, 

DIAMETERS 
_ 1 

1.8 

1.8 

IB 

l.S 

1.8 

1.8 

1.8 

1.3 

1.8 

L  THREAD,  V-T-295.  TYPE  1  OR  !1,  CLASS  1  OR  2,  S!ZE  B 


